INTRODUCTION
============

Post-traumatic direct carotid-cavernous fistula (CCF) is a high flow fistula that requires emergent management, usually by endovascular closure of the fistula. Unlike indirect CCF, spontaneous resolution of direct CCF is an extremely uncommon scenario and only a few cases are reported \[[@b1-neuroint-2020-00094]\]. The exact pathophysiology behind the closure of such a fistula has not yet been elucidated. We report a case of delayed spontaneous thrombosis of post-traumatic direct CCF about 4 years after the first presentation.

CASE REPORT
===========

A 27-years-old male had a history of severe craniofacial trauma in 2015 that needed operative intervention and induced loss of vision in the right eye on presentation. The patient developed gradually progressive right orbital proptosis and chemosis months after the injury; however, due to pre-existing vision loss, he did not seek any medical attention. The patient first presented to our institute in May 2018 for an unresolved right orbital proptosis and occasional headache of a 2-year duration. Clinical examination showed right orbital bruit with chemosis. Magnetic resonance imaging (MRI) of the brain confirmed right-sided direct CCF with venous drainage into the right superior ophthalmic vein and right inferior petrosal sinus with associated aneurysmal dilatation of the right cavernous sinus (CS) ([Fig. 1](#f1-neuroint-2020-00094){ref-type="fig"}). Time-of-flight magnetic resonance angiography (TOF MRA) revealed antegrade flow into the supraclinoid internal carotid artery (ICA), which suggested an intermediate flow fistula. Absence of cortical vein opacification on TOF MRA and no abnormal cortical vein engorgement on susceptibility-weighted imaging (SWI) suggested a lack of significant cortical venous reflux. The patient was counseled to undergo a diagnostic cerebral angiogram (DSA) followed by endovascular embolization of direct CCF; however, he declined any surgical/endovascular intervention and was lost to follow up.

The patient returned to the emergency facility at our institute in December 2019 with sudden onset of severe headache, right orbital pain, and episodes of projectile vomiting. Clinical examination revealed proptosis and chemosis of the right eye without any orbital bruit. An emergency computed tomography angiogram showed non-opacification of the fistula with thrombosis of the right superior ophthalmic vein and a residual giant partially thrombosed right cavernous ICA pseudoaneurysm ([Fig. 2](#f2-neuroint-2020-00094){ref-type="fig"}). A DSA was done for a better understanding of angioarchitecture. The right ICA injection confirmed thrombosis of fistulous communication with a superior ophthalmic vein and preserved antegrade flow in the right supraclinoid ICA. The residual giant right cavernous segment ICA pseudoaneurysm measured approximately 24 mm (antero-posterior)×22 mm (width)×26 mm (cranio-caudal) and pointed anterior-laterally.

A manual cross compression study of the right ICA and injections through the left ICA and left vertebral artery showed good crossflow across the circle of Willis into the right-sided intracranial circulation without any venous delay. Due to financial constraints, vessel preserving techniques like flow diversion, which was the ideal treatment in this situation, could not be considered. Further, stent-assisted coiling in such a large-sized partially thrombosed pseudoaneurysm is associated with the possibility of coil migration into the thrombus during follow-up, leading to recanalization and need for retreatment. Taking into account the presence of good cross-circulation without any venous delay, the decision was to proceed with parent artery occlusion. The pseudo-aneurysms sac was partially coiled, followed by complete occlusion of the petro-cavernous segment of the right ICA ([Fig. 3](#f3-neuroint-2020-00094){ref-type="fig"}). Left ICA and left vertebral angiogram showed normal opacification of the right-sided anterior circulation. The patient tolerated the procedure well with no post-intervention deficit. At 4 months follow-up, the patient had a significant reduction in right ocular swelling with complete resolution of the headache.

DISCUSSION
==========

Barrow classified CCF into 4 types: type A involves a direct shunt between the intracavernous ICA and the CS; types B, C, and D involve indirect transdural communication between the CS and dural branches of the ICA, external carotid artery, or both \[[@b2-neuroint-2020-00094]\]. Direct CCF are mostly caused by severe head trauma. Other cases are secondary to rupture of a cavernous ICA aneurysm, connective tissue disorder, and, rarely, spontaneous dissection \[[@b3-neuroint-2020-00094]\]. The CCFs can further be classified based on their flow rate into high (all the blood from the ICA is shunted into the fistula without filling of intracranial arteries), intermediate (both fistula and intracranial vessels received the blood from the ICA), and low flow (only sluggish filling of the CS) \[[@b4-neuroint-2020-00094]\]. The standard management of direct high flow CCF is endovascular occlusion of the fistulous communication while preserving antegrade flow within the ICA. Most of these fistulae undergo early treatment due to their vision-threatening propensity, and hence the natural history of untreated direct CCF is scarce in the literature.

Untreated or neglected cases of direct CCF can present with hemorrhagic complications in about 10% cases, which includes intraparenchymal hemorrhage, subarachnoid hemorrhage, and fatal epistaxis \[[@b5-neuroint-2020-00094]\]. In addition, decreased visual acuity, blindness, rapidly progressive proptosis, and cerebral ischemia are other complications described in the literature \[[@b5-neuroint-2020-00094]\]. Spontaneous closure of direct high flow fistula is an extremely rare phenomenon with not more than 50 reported cases in English literature \[[@b1-neuroint-2020-00094]\].

Unlike high flow fistula, spontaneous thrombosis of indirect CCF (barrow type B, C & D) is a well-known phenomenon and is reported in 20% to 60% of patients \[[@b6-neuroint-2020-00094]\]. Manual carotid compression is effective in inducing spontaneous closure of 30% to 35% patients of indirect CCF within 2 weeks to 7 weeks duration \[[@b7-neuroint-2020-00094]\]. Multiple cases have been reported with spontaneous closure of indirect CCF even after a diagnostic angiogram or failed intervention \[[@b3-neuroint-2020-00094]\].

Though no definite cause for spontaneous thrombosis of direct CCF has been cited in the literature, multiple possibilities are mentioned in various case reports. The small size of the fistula, low flow nature of the shunt (only slow and sluggish filling of the CS), spontaneous thrombosis of the superior ophthalmic vein, the toxic effect of iodinated contrast agent used during cerebral angiography, absence of posterior venous drainage, single venous drainage pathway, and intermittent external manual carotid compression are all described as factors that may be responsible for spontaneous thrombosis of direct CCF \[[@b1-neuroint-2020-00094],[@b8-neuroint-2020-00094]-[@b10-neuroint-2020-00094]\]. Dissection or spasm of the ICA causing decreased flow within the shunt, hypotension, and increased intracranial pressure are other mechanisms implicated \[[@b1-neuroint-2020-00094]\].

In this case report, the patient presented with spontaneous thrombosis of a direct CCF that was neglected for 4 years. The patient had denied a DSA and endovascular management because of pre-existing right-sided blindness. The baseline MRI had revealed direct CCF with significant ballooning of a right-sided CS secondary to long-standing high flow fistula. The exact cause of spontaneous thrombosis of the fistula is difficult to elucidate; however, a chronic high flow state can induce venous intimal hyperplasia and subsequently lead to venous stenosis and thrombosis \[[@b11-neuroint-2020-00094]\]. Such a phenomenon might have been the cause of spontaneous thrombosis of venous outflow in our case. Besides, the nature of intermediate flow of the fistula might have been a contributing factor.

Most spontaneously-healed direct CCFs present with residual pseudoaneurysms. Small (less than 6 mm) or medium-sized pseudoaneurysms (7 to 12 mm) usually resolve or decrease in size on follow up and can be managed conservatively \[[@b1-neuroint-2020-00094],[@b12-neuroint-2020-00094]\]. However, a giant pseudoaneurysm should be treated to prevent rupture or thromboembolic complications \[[@b1-neuroint-2020-00094],[@b13-neuroint-2020-00094]\]. Fatal epistaxis has been described in such pseudoaneurysms of ICA \[[@b2-neuroint-2020-00094]\]. The giant pseudoaneurysms are usually treated with vessel preserving reconstructive techniques such as a flow diverter or covered stent placement; however, occlusion of the parent artery can be considered in selective cases, provided good collateral circulation through the circle of Willis exists. In the present case, because of financial constraints, the pseudoaneurysm was treated with partial coiling of the sac and parent artery occlusion.

In conclusion, spontaneous thrombosis of direct CCF is extremely rare. Obliteration of a fistula might be secondary to venous outlet thrombosis/stasis, sluggish inflow through the fistula, and damage to surrounding tissue; however, there is no consensus. Because the spontaneous resolution of a direct CCF cannot be reliably predicted, these fistulae should be treated to preserve vision, rather than waiting for spontaneous thrombosis.
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![Magnetic resonance imaging of the brain in May 2018. The axial T2 image (**A**) and source images of time-of-flight magnetic resonance angiography (**B**) showed aneurysm dilatation of right cavernous sinus with a dilated superior ophthalmic vein (arrow). Note the prominent right inferior petrosal sinus (**C**, arrowhead). The imaging feature is consistent with a right-sided direct carotid-cavernous fistula. (**D**) shows antegrade flow within the distal right supraclinoid internal carotid artery. The axial susceptibility-weighted images (**E, F**) do not show any cortical venous engorgement.](neuroint-2020-00094f1){#f1-neuroint-2020-00094}

![The non-contrast computed tomography (CT) taken in December 2019 shows a partially thrombosed (arrow) and distended right cavernous sinus (**A**). The contrast-enhanced CT (**B**) shows thrombosis (non-opacification) of the right superior ophthalmic vein (double arrows) with a large pseudoaneurysm (asterisk) from the cavernous segment of the right internal carotid artery (ICA). The lateral (**C**) and antero-posterior (**D**) projection of the digital subtraction angiogram of the right ICA confirms the pseudoaneurysm of the right ICA (asterisk) with no opacification carotid-cavernous fistula.](neuroint-2020-00094f2){#f2-neuroint-2020-00094}

![The right internal carotid artery (ICA) pseudoaneurysm was managed with partial coiling of the sac (**A--C**), and subsequent occlusion of the petrous segment of the right ICA. The left ICA injection antero-posterior projection (**D**) shows good crossflow across the anterior communicating artery to opacify the right ICA circulation. There was no significant venous delay.](neuroint-2020-00094f3){#f3-neuroint-2020-00094}
